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ABSTRACT 

The major purpose of instructional science is to 
prescribe optimal methods to bring about desired learning, and the 
purposes of this paper are twofold: (1) to encourage individuals in 
the discipline to think in terms of contributing to a collegial, or 
even comipetitive, building of a comnon knowledge base in 
instructional science, and (2) to briefly describe Component Display 
Theory, Elaboration Theory, and John Keller's work in motivation as 
three recent attempts to build such a base. In all three models, the 
instruction begins with a special kind of overview which is derived 
on the basis of a single kind of knowledge structure and epitomizes 
that knowledge structure rather than summarizing the course content. 
A 22-item reference list is provided. (RP) 
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What I« (and Isn'tl Instructional Science? 

Instructional Science is a very young <'i«ciPli««.i**;J 
is concerned with understanding and improving the process ot 
instruction. Ifs major purpose is to Prescribe optimal 
methods to bring about desired learning. It is 
science that represents a bridge beetween learning theory 
and ini^tructional practice. 

Instructional science is much like the JPPlfjJ 
science of medicine. That science 

developing optimal methods for curing different types of 
diseases. In a similar way, instructional science is 
concerned with developing optimal methods .f^J. ^"^inj 

different types of Ignorance. s^t*'*?**",-. iwiJS 

from biology, although much of it is derived from biology. 
Similarly, the science of instruction is different from the 
science of learning— it is concerned f^JV^^L !vT?S^ 
should do (oc textbook, or computer-assisted insfuction, or 
projectT" etc.) rather than with what the learner does. 
Naturally, however, many principles in the Jjlence or 
instruction have been decived from principles In the science 
of learning. 

Finally, the science of medicine is different from 
the practice of medicine, although it plays an important 
role in good medical practice. Similarly, instructional 
science is different from instructional Practice (or 
instructional development) in that it is concerned with what 
the instruction should be like rather than with how to make 
it that way (i.e., the practices and procedures for actually 
doing or making the instruction). Instructional scientists 
^ShT^ are developing the discipline mast draw both on 
educational practice (an inductive approach) and on a 
variety of related disciplines (a deductive approach) , such 
as learning theory, cognitive theory, communication theory, 
and motivaton theory. 

What Are Some A pplications ? 

Instructional science is concerned with ■;»cin9 
textbooks better at teaching knowledge and skills ot aii 
kinds. It is concerned with helping teachers to give better 
class presentations, better oral responses to Jtudent 
questions, and better explanations to slow students who need 
individualised help. It is concerned ^Jth "aklng 

educational films and TV programs better, ^ll of t5«;® 
many other concerns for the "betterment" of public education 
entail Improving the effectiveness, efficiency, and 
motivational effects of Instruction. 

But the need for better methods of Instruction does 
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not btaln and tnd with public •dueatlon. Adult (or 
continuing) «duc«tlon and dlstanct Itarnlng (••9** 
"corrMpondtnct"" schoelt) neod bttttr atthods of instruction 
to promt attrition. Busintssts and tht Bilitary ntod 
bettor aothods to e«duco the aaount of aonoy and eaployoo 
tiao noodod for job training. Tho aadlcal profession needs 
better Methods of Instruction for effective patient 
education and for professional training. Special education 
needs better aethods of instruction to help teachers cope 
productively with physically and aentally handicapped 
children. And the list goes on and on. All indications are 
that» as our technological society increases its rate of 
change, education and training will becoae increasingly 
iaportant, and there will be an increasing need to aake our 
aei;hods of instruction acre effect ive» efficient* and 
aotivational. 



What Is Heeded Mow? 

In sua, the discipline of Instructional Science is 
concerned with iaproving instruction in all kinds of 
settings in a direct and iaaediate way (unlike learning 
theory, which usually requires considerable creative 
interpretation and translation to be useful in prescribing 
aethods of instruction). But instructional science it a 
very young and iaaature science. It has not yet been 
developed sufficiently to aake the aagnitude of contribution 
that is sorely needed. In fact, the discipline has been 
characterised by the generation of auch pieceaeal knowledge 
within decidedly antagonistic caaps (especially oehaviozist 
and cognitivist) ever since the pioneering work of Skinner 
and Bruner (whose intellectual heritage can be traced to 
Thorndike and Dewey, respectively). George Cropper (in 
press) has observed in a discussion of the discipline. that " 
... there is no collegial, or even coapetitive, building of 
a coaaon knowledge base with individuals asking increaental 
contributions to it. Instead there are as aany 'knowledge 
bases* as there are contributors. Such profusion, if other 
sciences serve as a guide, does not argue for the aaturity 
or sophistication of the disciplineT* 

There is indeed soae truth in all theoretical 
perspectives. Bach theory (or "knowledge base") provides a 
partial understanding of the real world of instruction in 
auch ^he saae way that each window in an unknown house 
provides a partial understanding of what the inside of the 
house is like. Soae theories look at the saae rooa through 
different windows (i.e., froa different theoretical 
perspectives), while others look at coapletely different 
rooas (i.e., different types of objectives— e.g., teaching 
students how to discover natural laws vs. teaching thea how 
to apply the second law of theraodynaaics) . One of our 
greatests needs at present ii for instructional scientists 
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to r«eognitt that thtrt act dlfferant roo»g in th« houst and 
that it it htlpful» if not tasential, that wo look through 
■oro than ono window of tach roo« in ordtr to 9«t a coaplott 
pXcturo oT^hat tach rooa i« likt. Only in this way can wt 
proetod to build a eoraon knowledge bast* Btnct» a top 
priority for all inttructional tcitntittt thould bt (1) to 
talk in ttmt of dttcribing individual rooiit intttad of 
claiaing to bt dttcribing tht Whoit noutt» (2) to cltarly 
idtntify which roo« it bting dttcribtd, and (3) to utt all 
windowt in a rooai to at to arrivt at tht bttt pottibit 
otter ipt ion of that rooa. Anothtr of our grtatttt nttdt it 
(4) to atttapt to inttgratt tht dtttriptiont of tht 
individual rooat into a deter ipHon ot tht whoit houtt to 
that we will know how to utt aoct than ont *rooa" in tht 
taat pitct of inttruction. 

Inttructional tcitnce auat bt ablt to prttcribt 
tptcific aethodt for optiaising difftrtnt kindt of outcoatt 
In CuT* taat pitct of inttruction» froa tuch oeneric tklilt 
at bting ablt to tolvt probltat# being able to ditcovtr 
relationthips» and being able to reaton logically* to tuch 
conttnt-tptcific tkillt at bting ablt to rtcall a certain 
fact» being able to dattify exaapltt of a tptcific conetpt* 
and bting ablt to follow a tptcific procedure. It will be 
helpful in deter ibing each rooa if we recognise that all 
rooat have floors of soae kind» walls of soae kind» doors of 
soae kind, lights of toat kind, ttc. Siailarly, it will bt 
helpful for pretcr ibing tptcific atthodt for optiaising tach 
kind of outcoat if inttructional tcitntitt rtcognise that 
achieving each of thott kindt of outcoatt requirtt toat 
aethod coaponentt that contributt to optiaising tht 
tffectivenett of tht inttruction, othert that contributt to 
opiaising tht tfficiency of the inttructon, and ttill othert 
that contribute to optiaising the appeal of the instruction. 
It is also iaportant to recognise that they all have soae 
aethod coaponents for orqanisinci the instruction, (often 
called instructional strategies) , others for delivering the 
instruction to the learner (e.g., aedia), and still others 
for aanaqinq the learner's interaction with the 
organisational and delivery aspects of the instruction 
(Reigeluth ft Merrill, 1979). 

The purposes of this paper are twofold t (1) to 
encourage individuals in the discipline to think in tecas of 
contributing to a "collegial, or even ecapetitive, building 
of a coaaon knowledge base" by doing the four activities 
aentionea above, and (2) to briefly describe three recent 
atteapts to do exactly that. 
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eqra- ve Models of inatructlqn 

ttoc iwftt six oc sevtn yt«rs» substaBtlal 
knowl«dgt about lt«rnlDg» BOtlv«tion» and instruction has 
been developed in tbe fora of principles of instructions 
end better instructional strategies have ^en developed for 
use in designing instruction. But# as vas aentioned above* 
this knowledge has been either too pieeeaeal or too vague to 
be very useful to practitioners— Uachers» textbook writers* 
instructional developers* and the like. During the past 
five years three iaporUnt efforts have been underUken to 
integrate a substantial aaount of our existing knowledge 
(and to extend that knowledge where iaportant gaps were 
found) into prescriptive nodels of Instruction. Tbe 
developaent of these instructlonaX aodels (each of which is 
designed to optiaise instruction on a different type of 
objective or goal) has drawn heavily on such diverse fields 
as cognitive science (especially inforaation processing 
theory* artificial Intel ligenci** seheaa theory* subsuaption 
theory* and the structure of aeaory) * behavioral learning 
theory? systeas theory* coaaunications theory* aotivation 
theory* and educational practice. 

There are at least two aajor types of design 
cons ider at ions t (1) atcro considerations* which apply to 
teaching a single idea (such as the use of exaaples and 
practice)! and 121 aacro considerations* which apply to the 
teaching of aanv related ideas (such as sequencing and 
systeaatic review). About six years ago N. D. Merrill end 
his associates began to integrate auch of the existing 
knowledge about' aiczo design considerations (for single 
ideas) into six aajor aodels of instruction. Those aodels* 
along with prescriptions for their optiaal use* are referred 
to as the Coaponent Display Theory . About four years ago C. 
N. ReigeluU) and H. D. Merrill and their associates began to 
integrate auch of the existing knowledge about aacro design 
considerations (for aany related ideas) into three aodels of 
instruction. Those aodels* along with prescriptions for 
their use* are referred to as the tlaboration Theory of 
Instruction . These two sets of aooeis are priaarily 
concerned with strategies to optiaise the effectiveness and 
efficiency of instruction (although the tlaboration Theory 
also devotes a aoderate aaount of attention to aotivational 
considerations). Also* about two years ago J. N. Keller and 
his associates began to integrate auch of the existing 
knowledge about considerations for the aotivationa l design 
of instruction on both the aicro and aacro levexs. Yoese 
aodels are scill in preliainary stages of developaent but 
show great preaise for the discipline. These three sets of 
instructional aodels are briefly described below. 

What Is ^)i£ Coaponent Display Theory ? 

o Morrill's Coaponent Display Theory (Merrill* in 

ERJC pressf Merrill* Itigeluth* « Fattst* 1979i Merrill* Richards* 



Schaidt» i irood» 1977) U • prescriptive theory that was 
developed to integrate existing knowledge about nicto design 
considerations (i.e.» considerations for teaching a single 
idea). It is coaprised of (1) six ■K)dels of instruction* 
each of which can be us«d in varying degrees of richness* 
and (2) a unique svstea fot prescribing those aodels on the 
basis of the kind of ob3ective cor an idea. The degree of 
richness of each model is then prescribed on the basis of 
the difficulty of the objective in relation to the ability 
level of the students. 

Bach of the six ■K>dels of instruction integrates 
knowlede about how to optinise instruction for one of six 
kinds of objectives for any given ideai and each kind of 
objective corresponds to a different level of cognitive 
processing for any given idea. The aost fundaaental 
difference is between objectives requiring recall * those 
requiring application , and those requiring discovery . 
Another difference is between recall objectives that require 
verbatia recall and those that require paraphrased recall. 
Thi tnlrd and final difference is between objectives that 
require recall of specific instances (or cases) and those 
that require recall of generalities (which apply to aore 
than one case and aake no reference to any specific case) . 
To suaaarise* the six kinds of objectives aret (1) reaeaber 
an instance verbatia* (2) reaeaber an instance paraphrased, 
(3) reaeaber a . generality verbatia* (4) reaeaber a 
generality paraphrased* (S) apply a generality to *new* 
instances* and (6) discover a "new* generality. Bach of 
these six kinds of objectives requires different 
instructional strategies to optiaixe learning at that level 
of cognitive processing. 

For the aost coaaon kind of objective—applying a 
generality to "new" instances — this theory calls for 
presenting three major strategy coaponentst (1) a 
qeneralt iy, such as the stateaent of a principle or the 
aeflnltlon of a concept* (2) examples of the application of 
that generality to specific instances* such as 
demonstrations of the principle or exaaples of the concept* 
and (3) practice in applying that generality to new 
instances* sucn as solving a new problea or classifying a 
new exaaple of the concept. The practice should always be 
followed with feedback as to whether the student's answer 
was right or wrong ana why. The examples and practice items 
shoi^ld be different froa each other in as many ways as the 
student is llfteiy to encounter in the real worldi and they 
should be arranged in a progression of difficulty from easy 
to difficult (which may inciuoe variation in response mode 
as well as manipulation of variable attributes). Also the 
generality* examples* practice* and feedback should all be 
clearly separated and labeled , as opposed to being in a 
continuous prose passage* in order to facilitate learner 
control. 



L««rM( control (Morrill, 197f» in press) is tho 
Coaponent Display Theory's solution to ths problta of 
individual diffarances aaong students and hence is its vay 
of cost^effectively individualising the instruction. It 
requir'es soae brief student training in (1) the nature of 
each strategy coaiponent and (2) the vay in which each 
cosponent helps the student to learn (i*e.» to overcoae a 
different kind of learning problea). with such knowledge* 
the student is irell equipped to pick and choose froa the 
*aenu* (priaarily the generality* the exaaples* and the 

Sr act ice iteas) to aake bis or her optiaal instructional 
esign. For exaaple* rather than designing "visual* 
instruction for soae students and "verbal* instruction foe 
others* you should aake both representations available to 
all students* along with soae knowledge about what to pick 
and choose when* rather than studying everything. (It is 
clso likely that the vast aajority of students are not 
ittictly varbal or strictly visual and can therefore benefit 
froa having both available if the objective is a difficult 
one.) 

In order to increase the richness of this aodel* you 
could increase the nuaber of exaaples and practice iteas. 
You could also enrich each of the three aajor strategy 
eoBponents (generality* exaaples* and practice) with such 
secondary strategy coaponents as (1) an alternative 
representation (e.g.* a diagraa* picture* or flowchart) * 
ana/or (i) an attention-focusing device (e.g.* underlining* 
exploded diagraas* or contrasts with coaaon errors). The 
richest version of this aodel would include a very large 
nuaber of exaaples and practice iteas* as well as both of 
the secondary strategy coaponents described above (plus soae 
that have not been aentioned here). But for an easy 
idea/objective in relation to student ability* the 
generality alone aight be enough. 

Space liaitations do not allow us to describe the 
specific nature of* or specifications for* each of these 
strategy coaponents* nor does it allow us to describe any of 
the other five aodels coaprising the Coaponent Display 
Theory. However* an inspection of the articles referenced 
above will reveal that just this one instructional aodel 
froa the Coaponent Display Theory incorporates work by 
Bruner (alternative representations* especially enactive* 
iconic* and syabolic)* Glaser and Hoaae (ruleg — or 
rule-exaaple — as generalities and exaaples)* Skinner 
(shaping in the fora of progression of difficulty* and overt 
responses in the fora of practice) * Rothkopf (aatheaagenie 
inforaaon priaarily under the rubric of attention-focusing 
devices and the nature of the practice iteas)* Rulhavy 
(feedback for practice)* Born (inforaation aapping for 
separating and labeling the strategy coaponents) * Cropper 



UtUulut prop«rtUs and rttpontt aodes), iiarkl«» Merrill^ 
and Klauaaair (strategias for teaching concepta» aapacially 
inatance diverganea— eiaaplat and praetica itaaa as 
diffarrnt as possibla froai aach other— and *aatched" or 
"close-in* nonexaaples— instances which deaonstrata coaaon 
errors* specifically overgenaralisation in the case of 
concept learning), to aention just a few of the aost 
proainent people whose work is integrated into this one 
aodel. 

An inspection of those articles will also reveal the 
influence of the prose learning people (especially Rothkopf 
and Prase) » the taxonoay people (especially Gagne and 
Elooa)» and the structure of aeaory people (especially 
Kintsch and Roraan) in the derivation of the six kinds of 
objectives based on different levels of cognitive processing 
(including both storage and retrieval). Although the 
Coaponent Display Theory integrates aucb existing knowledge^ 
it is also iaportant to point out that soae of it was 
developed independently by Narrill and that a considerable 
aaount of "new* knowledge was developed by Merrill as he 
encountered gaps in the existing knowledge needed to fora 
such an integrative and coaplate set of aodels for different 
kinds of objectives. The classification of objectives 
according to both content type and perforaance level is dne 
exaapla of such original work. 

It is very difficult to do justice in such short 
space to an instructional theory that synthesises so auch 
knowledge about learning and instruction. For aore 
inforaation, the reader ia referred to Merrill (in press) » 
Merrills Reigeluth, and Paust (1979), and Merrill, Richards, 
Schaidt, and Wood (1977). The individual atrategy 
coaponanta in each aodel have undergone conaiderable 
eaplrlcal testing in controlled settings. . This body of 
research has shown significant differences for all of theae 
strategy coaponenta (aee Merrill, Olaen, « Coldeway, 1976, 
for a review). However, no research has been done to teat 
each whole aodel to deteraine the relative inportanca and 
the interactive ^and duplicative effects of each of the 
atritegy coaponenta coaprising each of theae aix aodels. 



The Elaboration Theory $t Ina traction 

The Relgeluth-Merrill Elaboration Theory of 
Xnatruction (Reigeluth, 1979i Reigeluth, 1980} Reigeluth, 
Merrill, Wilson, « Spiller, in preasi Reigeluth ft Rodgera, 
1980i Reigeluth ft Etoin, in press) is a prescriptive theory 
that was developed to integrate exiatlng knowledgo about 
■ftcro deaign eonsiderationa (i.e., for aany related ideas). 
It ^also considerably extends that knowledge where 
deficiencies were found. Zt ia a aajot atteapt to use both 
an analysis of the structure of knowledge and an 



undttrstanding of cognitive processes and learning theories 
to design strategies for selecting » sequencing* 
synthesising, and suaaarising the content for a course. It 
states that» if the instruction is designed according to the 
appropriate model, then that instructon will result in 
inproved levels of achieveaentf synthesis* retention* 
transfer* and aotivation. 

Most instructional design experts have been using a 
hierarchical task analysis procedure based on Gagne*s 
cuBulative learning theory. But the hierarchical* learning 
prerequisite relationship is only one of four aajor kinds of 
relatonships in cognitive subject aatter (one of four aalor 
Kxnas oc knowledge structures) . And the process *. 
*cuaulative learning* is only one of several aajor kindt 
cognitive learning processes . Another aajor kind oF 
cognitive learning process is represented by scheaa theory 
and its close cousin* subsuapt ion theory. The foraation of 
stable cognitive structures through successive 
differentiation has been alaost totally ignored in current 
instructional practice* in spite of the aonuaental 
pioneering work of Ausubel. 

The elaboration theory integrates both of these aajor 
kinds of cognitive learning processes (cuaulative and 
subsuaptlve) and all four aajor kinds of knowledge 
structures into three aodels of instruction. It also has a 
systea for prescribing those aodels on the basis of the 
9oals for the whole ^course of instruction. Goals are 
classified as three types* and each type requires the 
foraation of a different type of cognitive structure to 
optiaise achievement of that type of goal. In all thr^e 
aodels a subsuapt ive (or general-to-detailed) sequence is 
used to optimise the foraation of stable cognitive 
structures. However* the way the subsuaptive sesquence is 
operational i zed varies considerably froa one type of 
cognitive structure to another. These operational izations 
represent a significant departure from Ausubel *s 
instructional model (while still implementing his learning 
theory)* especially in their attention to information 
processing theory and to Gague's hierarchical theory of 
learning. Unlike the Component Display Theory's models* 
only one of these three models would be used for any given 
course. 

In all three aodels* the instruction begins with a 
special kind of overview which (I) is derived on the basis 
of a single kind of knowledge structure and (2) epitomizes 
that knowledge structure rathor than summarizing cne course 
content. ("epitomizing" means providing concrete instances 
and practice items as well as generalities for a few 
fundaaental and highly representative ideas* whereas 
"suaaarising" aeani providing only abstract generalities for 
aU aajor topics.) Then the instruction proceeds to add 



detail or coaplMity in •l«ytr«* across ths sntire brssdth 
r>t th« content of the course, one Isyer st a tii>e» until the 
desired level of detail or conplexity is reeched. Learning 
prerequisites are introduced only as they beeone necessary 
within each layer * 

Bach Kodel is Adjusted in certain ways to sake it 
appropriate for the ability level of the students and the 
coaplexity or difficulty of the content. For instance* the 
aaount of aaterial between rev iew-and-syn thesis components 
is adjusted to represent an "optiaal learning load," which 
varies depending on the difficulty level of the content In 
relation to the ability level of the students. Considerable 
detail has been worked out on the nature of each aodel* and 
even on the procedures for designing instruction according 
to each aodel (see the above-referenced papers). But 
research on individual aethod variables coaprising the 
aodels is practically nonexistent* and no research has been 
done to test each whole aodel to determine the relative 
iaportanee and the interactive and duplicative effects of 
each strategy coaponent coaprising each aodel. Nonetheless » 
due to their fira foundation in learning theory, cognitive 
theory, and the structure of knowledge* and due to their 
intuitive appeal to educators* we are optiraistic about their 
potential for significantly improving the effectiveness and 
appeal of instruction. 



Motivational Design of Instruction 

In addition to these two instructional theories* 
valuable work has been done recently on the motivational 
design of instruction (i.e., prescriptions" for the 
improvement of the motivating characteristics of any g*ven 
instruction). John Keller (1979) has done some very 
integrative and highly innovative work in developing a 
descriptive theory of motivation as it relates to 
instruction and performance. This work integrates knowledge 
about motivation from the full range of theoretical 
traditions* from pure behavioral to pure humanistic. 

On the most general level, Keller's theory postulates 
that motivation is a function of person variables and 
environment variables. Therefore, it draws on environaental 
theories coaprised of conditioning principles and 
physiologically based drives (e.g., Hull, 1943i Skinner, 
1953), humanistic theories that postulate a fundamentally 
free will as tne basis of motivation (e.g., Rodgers, 1951), 
and social learning theories that I'^ok at the interactions 
between a" person and the environaent (e.g., Bandura, 1969> 
Rotter, 1966). Within the domain of social learning theory, 
Keller has drawn heavily on expectancy-value theory (e.g.. 
Porter t Lawler, 1968), which af"sumes that motivation is a 
aultiplicative function of expectancies and values. In 



•daition» Ktll«r has drawn on aspects of attitude th«ory» 
dtcision theory, attribution theory, cognitive evaluation 
theory, equity theory, cognitive dissonance theory, locus of 
control, and learned helplessness (see Xeller, 1979, pp 
29-30« for references). 

This integrative and innovative work on * descriptive 
theory of aotivation as it relates to instruction has 
Inportant ivplications for instructional scientist, but 
leller is taking it one step further by developing 
prescriptions for the Motivational design of instruction 
(Xeller, in press). The prescriptions include aethod 
variables for arousing and sustaining attention, for 
connecting instruction to inportant needs, for building 
confidence in success, and for reinforcing bebavior. 
Although m'2h work ceaaint to be done, Keller's efforts are 
another exaaple of an attenpt to build a coaaon knowledge 
base in in^^tructional science. 



Conclusion 



The three efforts suaaarised Above aite illustrative 
of the kind of integrative, aulti-perspectived building of a 
coaaon knowledge base that is so sorely needed at this point 
in the devtldpaeikt af instructional science as a discipline. 
These are early, tentative, and as yet incoaplete steps 
toward a coaaon knowledge base, and there is a need to 
integrate these aiero, aacro, and aotivational aodels into a 
unified th«ory— a set of unified aodels— of instruction, as 
well as to continue to aodify and add to each of thea. 
There is also a strong need for similar efforts to be aade 
for other "rouirif in the house* of instruction. If 
instructional science is to progress and aature « 
discipline, it is essential that its contributors (1) 
specify the rooa of the house that they are working on, and 
(2) draw on all available knowledge— in all theoretical 
perspectives— in asking their contributions to that rooa. 
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